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This document includes:
• Detailed methods for the protein plus membrane MD simulations
• Supplemental methods for FCS data analysis
• Data from the PI-PLC plus membrane MD simulations Fig. S1 • Representative far UV CD data, Fig. S2 • Specific activities of PI-PLC variants towards SUVs, Table S1 • Simulated FCS data and analysis, Table S2 Movies S1 & S2: Movies of the first two principal components for WT PI-PLC are in the files Movie S1 and S2, respectively. In the movies, helix B and helix G are in green and blue, respectively; the phosphate binding loop (238-245) is in red and the 190s loop is in pink. Pro245 (P(cap)) and Pro254 (P(kink)) are shown as orange spheres.
Supporting Methods

Molecular dynamics (MD) simulations in the presence of an explicit dimyristoylphosphatidylcholine (DMPC) membrane
MD simulations in the presence of a DMPC membrane were performed using NAMD (1) at 310 K with an integration timestep of 2 fs, in the NPT ensemble, without surface tension in the isobaric-isothermal ensemble using the Langevin piston method (2) (target pressure: 1 atm., oscillation period: 200 fs, damping time scale: 50 fs) and Langevin dynamics to control the temperature (temperature damping coefficient:1.0). The equations of motion were integrated using a multiple time step algorithm (3); bonded interactions and short-range nonbonded forces were evaluated every step, and long-range electrostatics every other step. Switching was used for both electrostatic and van der Waals interactions, with a switch distance of 11 Å and a cutoff of 12 Å. Particle-Mesh Ewald (4) was used for long-range electrostatic interactions. SHAKE (5) was applied to constrain the O-H bond length of water molecules. We first performed two short initial equilibrations of 400 ps each in the NVT ensemble, velocities being reassigned every 100 fs and 1 ps, respectively, with a constrained protein backbone. Constraints were removed for a 2 ns equilibration phase (NPT) and the production phase was finally run for 50 ns.
The size distribution of small unilamellar vesicles (SUVs) and fluorescence correlation spectroscopy (FCS) data fitting
The fits to Equation 1 in the main text assume that the distribution of vesicle sizes is homogenous so that a single diffusion time (diffusion coefficient) can be used for vesicle bound proteins. In fact, the SUV size distributions are quite heterogeneous. We have shown previously that when FCS data are fit assuming that (i) only one protein binds per vesicle and (ii) there is only one diffusion time for vesicle bound protein, the SUV size heterogeneity has no significant effect on the determined value of the apparent K d but it does result in underestimation of the fraction bound, f, and the maximum fraction bound, f max , , plateaus at less than 100% binding (6) . Is this still the case when the FCS data are fit to Equation 1 in the main text, which makes no assumptions about the number of proteins bound per vesicle?
As before, the vesicle size distributions from dynamic light scattering (DLS) experiments for pure phosphatidylglycerol (PG) or phosphatidylcholine (PC) vesicles were used to generate simulated datasets in Matlab (Mathworks) (6) . For a given phospholipid concentration and K d , the fraction bound, f, was calculated from Equation 6 in the main text with n=1. Datasets were generated using different values of α, the brightness of the vesicle relative to free protein according to:
where P(D j ), derived from the DLS data, is the probability that an SUV has diffusion coefficient D j . A p and A v are the amplitudes for the free protein and vesicle bound protein, respectively, and the diffusion only correlation function for species i, g i (τ), is given by Equations 2-4 in the main text. The amplitudes used in Equation S1 were calculated from the values of f and α:
where A po , the protein amplitude in the absence of vesicles, is set to 1. Note that Equation S1
does not account for the more complicated situation where α is dependent on vesicle size, e.g. that larger vesicles are brighter because they bind more proteins or that PI-PLC prefers smaller vesicles making the small vesicles brighter.
The resulting simulated datasets were fit to Equation 1 in the main text using Origin (OriginLab). As a control, data were generated using a single diffusion coefficient for the vesicles, and fits to these data generated randomly distributed residuals and the input values for the apparent K d and f (data not shown). For the data simulated using a distribution of vesicle sizes and Equation S1, the fitting results were similar to those obtained when one protein was assumed to bind per vesicle (6) Table S2 ). In addition, how much f is underestimated depends both on the vesicle size distribution used to simulate the data and on the value of α. As α increases, the values of f obtained from the fits decrease (Table S1 ).
In summary, the assumption that the SUV population is homogeneous when it is in fact heterogeneous results in accurate values for the apparent K d and underestimated values for the fraction of protein bound to vesicles. a P(cap) = Pro245 and P(kink) = Pro254.
b The low activities for these PI-PLCs towards pure PI SUVs have much larger errors, typically 30% if different batches of SUVs are used, so the uncertainties represent 30% of the average value for each mutant (obtained in many cases on different SUV preparations).
c For a given variant, the activity with or without the Asn168Cys mutation is within the uncertainty.
d PC activation is the ratio of the specific activity towards PI/PC SUVs divided by the specific activity towards pure PI SUVs. Figure S6 . Replacement of the Pro that kinks helix G (Pro254) disrupts correlated motions in the PI-PLC MD simulations. Cross-correlation maps and chained correlations for (A) WT, (B) P(kink)A and (C) P(kink)Y PI-PLC. The color scale for the correlation maps go from dark blue for anti-correlated motions to red for correlated motions. The results from the chained correlation calculation are superimposed on the protein structure with residues participating in chained correlations with position 245 (P(cap)) shown as spheres colored according to iteration number (see main text): red, first iteration to blue, last iteration.
